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ABSTRACT
In this study, the Computerized Memory Interference Test (CMIT), a derivative of the Picture
Memory Interference Test (PMIT) was assessed for reliability, validity and internal consistency
with a primary Spanish-speaking sample. Five hypotheses were formulated and tested. For the
first hypothesis correlational studies assessing relationships between the CMIT scores and those
of the WMS-III, Visual Reproduction subtests were used to establish convergent validity.
Hypotheses two and three, produced correlational studies to assess relationships between the
CMIT scores and those of the RAVLT and WAIS-III Block Design, Vocabulary and Matrix
Resonating subtests. To test the fourth hypothesis, known-group methods were used to assess the
reliability of the CMIT. Cronbach’s Alpha was used to determine the internal consistency of the
CMIT. Results indicated that the CMIT scores and those of the WMS-III, Visual Reproduction
subtests correlated at a statistically significant level confirming convergent validity. Results also
showed statistically significant correlations between the CMIT scores and the RAVLT subtest
scores as well as those of the WAIS-III subtests. Due to these results, discriminant validity was
not considered established. However, the CMIT did prove to be sensitive to detecting visual
memory deficit, and internal consistency was also established for this population.
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Introduction
Clinical neuropsychology has become a front-runner among the many specialties
available to psychologists and, currently, most doctoral level programs offer exposure to
neuropsychological practice, even prior to the pre-doctoral internship (Stucky, Bush, & Donders,
2010). In addition to clinical practice, however, many neuropsychologists also work to develop
the instruments used to assess the various domains of cognitive functioning (e.g., attention and
concentration, memory, language, and visual spatial processing, etc.). Among these instruments,
those assessing memory have been the most widely used (Sander, Nakase-Richardson,
Constantinidou, Wertheimer, & Paul, 2007) and currently, various assessment tools, which
measure the many aspects of memory, are available to clinical and research neuropsychologists.
Unfortunately, the majority of these instruments are not necessarily appropriate for use with
members of various ethnic groups. In the field of assessment psychology, it has now become a
maxim that culturally appropriate instruments are required for the proper assessment of memory
as they are for all cognitive domains (American Psychological Association, 2002).Yet, the
current methodology employed to construct cognitive assessment tools, in general, do not allow
for the development of culturally unbiased instruments (Manly & Echemendia, 2007).
Typically, after a neuropsychological measure of memory has been carefully vetted and
developed, normalization data is collected via administration of the instrument to the general
population. Though this method provides researchers and clinicians with standardized
normalization data and guidelines for assessing memory functioning of members of the general
population, it does not provide specific guidelines or normalization data for assessing the
members of various ethnic groups which neuropsychologists often assess (Manly & Echemendia,
2007).

1

Memory Defined
To examine these issues more closely, it is important to first understand the various aspects
of memory as well as the context in which modern day models of memory were developed. The
modeling of memory functioning within the human brain has been widely researched since the work
of Ebbinghaus in 1885 (Reynolds & Bigler, 1995). However, even with the extensive contributions
to the literature made by many researchers (e.g., Luck & Vogel, 1997; Rouder, Cowan, Zwilling,
Morey, & Pratte, 2008; Wheeler & Treisman, 2002), working models of memory functioning have
not been easy to develop (Cowan, Rouder, Blume, & Saults, 2012). This has often been attributed to
the brain’s complexity in neural circuitry (Delacour, 1994). Though modeling this domain has been a
daunting journey for researchers throughout the years, many models have been developed which
seem to hold.
It was in the 1960s, during which modern models of memory began to be developed. At the
time, human memory was often compared to the memory utilized within computers (Delacour, 1994;
Sander et al., 2007). As an example, Atkinson and Shiffrin’s (1968) Modal Model (or Multi-store
Model) of memory theorized that human memory functioned in a sequential manner not unlike how
computers of the time processed information. However, computer models did not seem to hold, and
more sophisticated models continued to develop (Shelton, Martin, & Yaffee, 1990). One such model
was Baddeley’s (1986) model of working memory, which emphasized the significance of motivation
and attention in human memory functioning. Not long after Baddeley’s work, Schneider and
Detweiler (1987) postulated that memory, as a domain, is dependent on many other domains. It was
hypothesized that various memory systems exist. These included those of mood memory, semantic
memory, speech memory, motor memory, auditory memory, visual memory, as well as contextual
memory. This model created a new paradigm and a new way of looking at memory.
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Since then, it has been conceptualized that, anatomically, memory exists within multiple
areas of the brain. Delacour (1994) hypothesized that lesions or damage to a variety of areas of the
brain can lead to specific deficits in memory. As an example, it is widely held that the bilaterally
located hippocampi are more than likely the most important regions associated with human memory
(Kumaran & McClelland, 2012). Damage to the hippocampi has been shown to cause deficits in
various domains of memory such as delay recall, spatial representation, spatial recognition and
working memory (Heuer & Bachevalier, 2011). It has also been documented that damage to the
right-lateral temporal lobe seemingly causes deficits in non-verbal based memory (e.g., orientation,
facial recognition), while damage to the left-lateral temporal lobe causes deficits in verbal or
symbolic memory (Lezak, Howieson, Bigler, & Tranel, 2012; Squire & Zola-Morgan, 1991). In
contrast to these, damage to the frontal regions of the brain do not seem to effect any specific aspects
of memory, but rather cause deficits in attention which, in turn, affect the proper registration and
encoding of information and can also affect the recall of the information stored within the
hippocampi. Further, lesions within the lower levels such as the hypothalamus, thalamus, and
reticular formation have also been shown to cause memory difficulties related to attention and
motivation (Delacour, 1994; Lezak et al., 2012; Markowitsch, 1994).
Though a significant amount of attention has been placed on explaining and localizing
specific memory systems within the brain, the development of an accurate model has been difficult
(Delacour, 1994). Further, sub-domains of memory in general, such as visual memory, have been
even more challenging to delineate.
Visual Memory
Hollingworth and Luck (2008) have provided a great deal of insight into the nature of
visual memory. They assert that the term visual memory is used to describe circumstances in
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which information from the environment is initially obtained via the visual inputs and, in turn,
registered and encoded within the visual cortex. Visual memory was also delineated into short
and long-term visual memory. According to Hollingworth and Luck, visual short-term memory
occurs when visual representations acquired from the environment are maintained and
implemented by neural firing in the lateral occipital complex and prefrontal cortex for several
seconds. Furthermore, visual short-term memory capacity was said to be limited to maintaining
three or four simple visual stimuli, and one to two complex visual stimuli. On the other hand,
visual long-term memory was described as having a greater storage capacity, and can maintain
visual information about particular objects and scenes obtained via visual inputs. This complex
sub-domain, can obtain, register, encode, incorporate and organize a vast amount of visual
information regarding objects and scenes. These representations of the external environment are
thought to be maintained by pattern and strength changes between neuronal connections, as well
as changes in the structure of synaptic connections. Further, long-term memory, as well as
executive functioning, can prevent comingling of visually obtained information helping to keep
visual data organized into distinct categories.
Typically, visual information is thought to migrate through short-term memory prior to
being encoded within the long-term memory (Atkinson & Shiffrin, 1968). However, interestingly
enough, some more recent findings have shown that information may be encoded in long-term
memory without passage through short-term memory. One hypothesis postulates that a visual
long-term memory does not require passage through visual short-term memory, since the
representation can be directly generated by the perceptual processes (Hollingworth & Luck,
2008).
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Clearly, a great deal of work has been done within the field of research neuropsychology
in the attempt to develop a working theoretical model of human visual memory. Similarly, within
the clinical field of neuropsychology, theses models have been utilized to develop many
instruments to assess the many aspects of memory and, especially, visual memory. These include
widely used instruments such as the Rey-Osterrieth Complex Figure Test (Ray-O; Osterrieth,
1944; Rey, 1941), the Brief Visual Memory Test (Benedict, Schretelen, Grondinger, Dobraski, &
Shpritz, 1996) and the Visual Reproduction Subtests within the Wechsler Memory Scale - Third
Edition (WMS-III; Wechsler, 1997b). However, as stated above, much like in the development
of instruments for the assessment of other domains, neuropsychological methods of gathering
normalization data for use with visual memory instruments leave gaps in which various ethnic
groups are left underrepresented (Manly & Echemendia, 2007). In an attempt to remedy this
shortcoming, as well as to better understand the neuropsychological consequences of HIV-1 on
human memory functioning, the World Health Organization (WHO), in conjunction with the
University of California, Los Angeles, developed the Picture Memory Interference Test (PMIT),
for the assessment of visual memory, as part of a battery which was to be used to assess HIV
patients from diverse ethnic backgrounds. This culturally neutral battery was administered to
participants from various countries, including Brazil, Germany, Kenya, Thailand, the United
States and Zaire (Maj et al., 1991). The development of culturally neutral instruments, such as
the PMIT, is extremely important as is the development and implementation of proper
normalization and standardization methods that will be more inclusive of ethnic groups.
The PMIT: Background and History
The original version of this instrument was developed for manual administration. The
pictures were printed on 3-by-5-inch cards, which were presented to the examinee, and
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instructions were given verbally. The pictures, which were standardized on 219 psychology
students by Snodgrass and Vanderwart’s (1980), were used to develop the instrument due to their
culturally neutral nature. Today, the instrument has been computerized giving rise to the
Computerized Picture Memory Interference Test (CMIT). The original pictures are now
presented to the examinee, with adjustable millisecond timing, using the Flash programming
language for the Windows user interface (Franco, 2009).
The CMIT and What it Measures
The PMIT is an instrument that was specifically developed to assess visual memory
recognition and susceptibility to cognitive interference. In much the same way, the CMIT
assesses the examinee’s capacity to temporarily store visual information to memory and then to
recall the information via four recognition trials. Further, in the fourth trial, the examinee is
asked to match the picture being presented to the trial during which the image was initially
presented. This more difficult trial assesses the patient’s susceptibility to interference and
cognitive comingling of visually obtained information and forces the examinee to utilize
executive abilities as well as memory. This new instrument can, therefore, provide extremely
specific information regarding a participant’s or patient’s memory functioning. The CMIT not
only measures the ability to acquire, encode and recall visually obtained information (much like
other instruments designed to assess visual memory) but can also provide information regarding
whether the participant or patient is able to keep the visual information organized into nonthematic groups. The multicultural neutrality of the instrument which was established by using
images of common objects observed in all countries and world regions (e.g., pictures of a hand,
or a tree, etc.), in addition to the specific nature of the information the instrument provides
regarding memory, makes the CMIT an extremely unique assessment tool. However, this
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instrument, which is now internet-based and available to the masses, has yet to be validated and
proven reliable for the, primarily Spanish-speaking, Latino population.
Validity
The term validity, within the context of instrument construction, generally refers to the
adequacy of an instrument to measure the cognitive or affective domain for which it was
constructed to assess (Messick, 1980; Sireci, 1998). Due to the rigors of the scientific method,
there has always been a general consensus that the validity of an instrument is not typically an
inherent characteristic. Neuropsychologists developing psychometric instruments must establish
the validity of an instrument prior to the clinical or scientific application of the instrument in
question (Lissitz, 2009).
There are many different sub-types of validity, including content validity, face validity,
discriminate validity, convergent validity as well as ecological validity.
Content validity is the term used to describe the ability of the instrument to capture the
nature of the cognitive or affective domain being assessed. As an example, one might ask if the
items within a depression scale truly reflect symptoms observed in depressed individuals (e.g.,
low mood, poor apatite, etc.). Unlike other aspects of validity, content validity has no validity
coefficient (Barker, Pistrange, & Elliot, 2002).
Face validity is employed to assess whether or not the instrument looks as if it measures
that which it was designed to measure. As in the example above, one might expect that the items
within the depression scale ask specific questions regarding sadness, suicidality, poor sleep, etc.
(Barker et al., 2002).
However, discriminate, convergent and ecological validity are the most pertinent when
validating psychometric instruments involving cognitive domains such as visual memory
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(DeVon et al., 2007). Discriminant validity is established by showing low correlation
coefficients between theoretically differing constructs. For example, if a correlational study were
conducted between scores from a visual memory test with those from a test of fine motor
functioning, one would expect a low correlation coefficient between these scores since they
differ theoretically. Convergent validity, on the other hand, is described as a similarity or
convergence between two or more constructs that are theoretically similar (DeVon et al., 2007).
In short, one would expect that scores from instruments measuring the same domain (e.g., visual
memory) would show high correlation coefficients.
In addition to the above, it is widely accepted that neuropsychological instruments should
not only produce valid results within controlled environments but should also do so within reallife settings (e.g., clinics, hospitals, etc.; Burgess, Alderman, Evans, Emslie, & Wilson, 1998).
This is an aspect of validity referred to as ecological validity. For an instrument to be considered
ecologically valid, the methods and setting in which the instrument is being assessed for
ecological validity must mimic real-life circumstances and settings (Gioia, 2009).
Reliability
Though validation of an instrument is important, establishing the reliability of an
instrument is even more important. In fact, reliability is a necessary condition prior to
establishing validity (Barker et al., 2002). Reliability refers to the consistency in the provision of
an instrument’s scores. As an example, a reliable measure of depression would consistently
produce similar scores when administered to a chronically depressed individual whose symptoms
remain unchanged over time. For the purposes of psychometrics, the validity of an instrument
may be well established, however, an instrument that does not provide reliable scores does not
allow for valid interpretation of its scores (Cook & Beckman, 2006). There are many ways to
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establish an instrument’s reliability including, test-retest methods, alternative form methods and
the split-half method.
With the test-retest method, the same instrument is administered twice and a correlation
coefficient is calculated between the scores of the primarily administered trial and the
secondarily administered trial. As the correlation coefficient approaches 1, the instrument is
deemed increasingly reliable. However, test-retest methods are often criticized due to confounds
such as the practice effect. In fact, in many cases, such as when one is working with a secondary
data set, test-retest methodology is not possible (DeVellis, 2012).
The alternate form method is very similar to the test retest methodology in that two
different, but very similar, versions of the instrument are administered to the participants and a
correlation coefficient is then calculated between the scores of the alternate forms. Again, as the
correlation coefficient approaches 1 the instrument is considered increasingly reliable (DeVellis,
2012).
One method that is particularly useful in the field of psychometrics is the split-half
method. With this method a correlational study is conducted between item scores from the top
and bottom halves of the instrument. This method is especially appropriate to employ when test
retest methodology is not possible (DeVellis, 2012). However, Cronbach’s alpha is also a
method often used in place of the split-half method and is deemed the gold standard when
assessing internal reliability (Barker et al., 2002). Essentially, Cronbach’s alpha (1) provides
information regarding the overall correlations between items, (2) provides information regarding
the correlations between each item on an individual basis, (3) can provide information regarding
the effects on overall correlations if a specific item was to be deleted (DeVellis, 2012). These
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specifics make Cronbach’s alpha a superior method for assessing internal reliability of
instruments such as the PMIT, as well as the CMIT.
The Reliability and Validity of Current Measures
The WMS-III, Visual Reproduction Subtests. The WMS-III Visual Reproduction
Subtests (Visual Reproduction I and Visual Reproduction II) are two of the most commonly used
and well established instruments for the assessment of visual memory in regards to reliability and
validity (Wechsler, 1997b). The Spanish adaptation of this instrument was developed in 1994
and proper normalization data was collected for the newly devolved instrument (Ardila, Rosselli,
& Puente, 1994).
The administration of the Visual Reproduction I (VR I) involves showing the patient or
participant five images. Each image is viewed at 10-second intervals after which the image is
removed and the examinee is asked to reproduce the image from memory using paper and a
pencil. After a 20- to 30-minute delay, during which other aspects of the WMS-III are
administered, the Visual Reproduction II (VR II) is administered and the participant is asked to
reproduce each image from memory using paper and a pencil. After the VR II phase, a
recognition phase is also administered, during which the examinee is presented with multiple
cards each of which contain images. Some of the images presented are those which the examinee
was asked to reproduce and some are not. The examinee is asked to identify those images that he
or she was asked to reproduce. The instrument is then scored using criteria provided by the
WMS-III manual to reduce subjectivity of scoring.
The Rey Auditory Verbal Learning Test. The Rey Auditory Verbal Learning Test
(RAVLT; Rey, 1964) has become a gold standard within the field for the assessment of verbal
learning. This instrument is particularly sensitive to detecting deficits in verbal memory

10

functioning in participants infected with the HIV-1 Virus (Messinis, Taskona, Kollara, Malefaki,
& Papathanasopoulos, 2007). The Spanish adaptation of this instrument was developed in 2002
and the validity, reliability and the internal consistency of this adaptation have been proven
comparable to those of the English version (Neblina, 2012).
Administration of this instrument includes five acquisition trials of a list of 15 noun
words, an interference trial of a list of 15 noun words, an after-interference recall trial during
which the examinee is asked to recall words from the original 15 word list, a 30-minute delayed
recall trial phase, during which the examinee is asked to recall as many of the words from the
original list of 15 words as possible as well as a recognition phase during which the patient is
presented with a list of 50 words, 30 of which are words from the original two lists presented and
20 of which are distracter words
The WAIS-III. The Wechsler Adult Intelligence Scale, third edition (WAIS-IIIl;
Wechsler, 1997a) is a comprehensive scale which provides general as well as very specific
information regarding the intellectual and cognitive functioning of examinees (Kaufman, 2001).
The original standardization sample consisted of 2,450 individuals between the ages of 16 and
89, with varying levels of education, who were administered the entire instrument which
produced a full scale intelligence quotient (FSIQ), a verbal intelligence quotient (VIQ), a
performance intelligence quotient (PIQ) as well as four indexes which include the verbal
comprehension index (VCI), the working memory index (WMI), the perceptual organization
index (POI) and the processing speed index (PSI).
The scores for all of the above are derived from the scores of 14 subscales which include
the vocabulary subtest, during which the subject is presented with words and asked to define
them; the similarities subtest, during which the subject is asked to discuss similarities between
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two words; the information subtest, during which the subject is asked questions typically
acquired in academic settings; the comprehension subtest, which assesses the subject’s verbal
comprehension; the arithmetic subtest, which requires the subject to do word problems without
the use of pen or pencil; the digit span subtest, during which the subject is presented with strings
of digits and asked to repeat; the letter-number sequencing subtest, during which the subject is
presented with numbers and letters and asked to sequence each in order; the picture completion
subtest, during which the patient is presented with pictures and asked to identify anomalies
within each picture; the block design subtest, which is a three-dimensional reconstruction task;
the matrix reasoning subtest, during which the subject is asked to identify patterns visually; the
picture arrangement subtest, during which the subject is presented with pictures and asked to
place them in order; the digit symbol-coding subtest, during which the subject is asked to match
numbers with symbols using a key and the symbol search subtest during which the subject is
asked to identify symbols within a small matrix (Kaufman & Lictenberger, 1999).
The reliability of this instrument has been extensively vetted. For each subtest, both splithalf as well as test-retest methodology was employed to assesses the instruments overall
reliability. The results of the split-half and test-retest reliability assessments indicated that the
FSIQ the PIQ and the VIQ each produced a correlation coefficient well above 90%. This was
also true for the WAIS-III Indexes all of which produced correlation coefficients between 8396% for both split-half as well as test-retest methods. At the subtest level, split-half and
reliability correlation coefficients fall between 70-93%. These numbers are indicative of superior
internal reliability for the WAIS-III. However, similar to many other instruments of its kind, the
original normalization data was not stratified by ethnicity until the publication of the
computerized scoring program (Kaufman & Lictenberger, 1999).
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Further, the data describing the validity of the WAIS-III was greatly improved from
previous versions. Validity assessment indicated that the WAIS-III FSIQ produced a correlation
coefficient of 64% with the Standard Progressive Matrices and a correlation coefficient of 88%
with the Stanford-Binet, Fourth Edition. Additionally, construct validity was demonstrated using
four-factor structural factor analysis. Overall, the WAIS-III is an extremely well vetted
instrument. Additionally, the Spanish version of this instrument has shown equal psychometric
validity and reliability as that of the English version (Renteria, Li, & Pliskin, 2008).
The Need for Culturally Appropriate Instruments
Historically, researchers have universally maintained that cognitive processes manifest
due to the functions of human neurobiology, (Perez-Arce, 1999). This is essentially a derivative
of the nature aspect of the nature vs. nurture argument where cognitive processes are
hypothesized to remain constant across cultures (Mindt, Byrd, Saez, & Manly, 2010). On the
other hand, the nurture side of the argument (e.g., radical environmentalism) suggests that
cognitive and neuropsychological processes are developed as the individual interacts with the
environment (Nell, 2000). These two views have long-since been presented, and yet cultural and
environmental factors on neuropsychological processes have not been studied sufficiently
(Perez-Arce, 1999). Regardless, competent neuropsychological practice should include
instruments, which assume that both culture and environment play a role in neuropsychological
development, until this is definitively proven otherwise. Factors such as primary language, first
language and cultural beliefs should always be taken into consideration during any
neuropsychological assessment (APA, 2002).
In light of the above, the United States (U.S.) has seen profound demographic changes
within the past few decades, primarily due to the excessive migration of non-English speaking
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individuals into the country (Artiola, Fortuny, & Mullaney, 1998). The U.S. Census Bureau
(2007) reported that the ethnic population, in general, has reached over 100 million, accounting
for over one-third of the nation’s population. Further, it is projected that the ethnic population,
within the U.S., will reach close to 50% within the next 40 years (Mindt et al., 2010). These
rapid increases within ethnic populations require the development of culturally appropriate and
sensitive instruments that are normalized, standardized, validated and proven reliable for the
assessment of ethnic cultures.
However, despite the rapid increases of various ethnic groups requiring mental health and
neuropsychological services, there has been an inadequate response in offering culturally
appropriate and sensitive services to ethnically diverse patients (APA, 2002). As a result of the
rapidly changing demographics, the American Psychological Association has provided a
mandate for clinicians and mental health professionals to provide culturally appropriate
neuropsychological services. The Ethical Principles of Psychologists and Code of Conduct
(APA, 2002) has provided principles for culturally appropriate neuropsychological services.
Standard 9.06 states that the interpretation of neuropsychological test results must take into
account factors such as “situational, personal, linguistic, and cultural differences, which might
affect psychologist’s judgments or reduce the accuracy of their interpretations” (APA, 2002,
p.14).
Further, the Ethical Standard 9.02b states that, “Psychologists use assessment instruments
whose validity and reliability have been established for use with members of the population
tested” (APA, 2002, p. 13). As an example, the detection of a brain-based disorder (e.g.,
Dementia) depends largely upon the psychometric properties and characteristics of the
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instrument being administered. Properties such as, standardized directions for administration,
validity and reliability are especially important (Brickman, Cabo, & Manly, 2006).
Characteristics of the Population Under Study
As stated above, there is little doubt that all U.S. non-Caucasian ethnic populations are
projected to expand in the coming decades. However, one of the fastest growing ethnic
populations is that of the Latino population. In 2010, the Latino population within the U.S. was
50.5 million making up 16% of the overall population. Within the last decade, the Latino
population has grown by approximately 42%. This increase amounts to 15.2 million individuals
(U.S. Census Bureau, 2007).
Further, within the state of California, Latinos makeup 36.6% of the total state
population. Projections indicate that, by the year 2021, Latinos will be the largest ethnic
population within the state (U.S. Census Bureau, 2007). Although the population is growing in
number, sociodemographics do not indicate improvements in quality of life for this population.
In 2010, approximately one-half of adult Latinos residing within California had less than a high
school education. Further, over one-half of Latino immigrants, at the time, had yet to master the
English language and were more likely to be medically uninsured when compared to other ethnic
groups (Pew Hispanic Center, 2010).
Summary
Neuropsychology has, without a doubt, become a front-runner among the many
specialties offered to students of psychology (Stucky et al., 2010). Within this field, research
neuropsychologists work to develop instruments for the assessment of various domains including
memory, attention, language and visual spatial processing. Among the various instruments that
have been developed, those assessing memory are by far the most widely used (Sander et al.,
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2007). The development of these instruments has been based on years of research leading to
various models for human memory functioning (e.g., Atkinson, & Shiffrin, 1968). However, the
methods used to gather normalization data for use with these instruments, as well as the lack of
validity and reliability studies with specific ethnic populations, leave a gap in which various
ethnic groups are not properly represented.
The U.S. Census Bureau (2007) has projected dramatic growths in ethnic populations and
these growths are predicted to be very prominent within Latino groups. In anticipation of these
growths, the American Psychological Association (2002) published clear guidelines, for the
assessment of ethnic groups using neuropsychological instruments. The American Psychological
Association called for the use of appropriate normalization data as well as incorporation of
factors such as primary language, place of birth and cultural background into the interpretation of
neuropsychological data derived from assessment instruments. Therefore, the gathering of
appropriate normalization data representing ethnic groups, as well as the development of
culturally unbiased instruments, is becoming increasingly important.
The Picture Memory Interference Test is such a culturally unbiased instrument developed
for the assessment of visual memory. The World Health Organization in conjunction with the
University of California, Los Angeles, first developed it. This instrument was developed using
the Snodgrass and Vanderwart (1980) standardized images that were placed on 3-by-5-inch cards
and administered manually. This instrument was developed as part of a larger batter designed to
assess HIV-1 positive patients residing within various countries around the world (Maj et al.,
1991).
More recently, this instrument was computerized using the Flash programming language
for the Windows operating system and was place online for world wide access, giving rise to the
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Computerized Memory Interference Test (CMIT; Franco, 2009). Though the Picture Memory
Interference Test is considered a culturally unbiased, valid and reliable measure of visual
memory, the newly developed CMIT is yet to be proven valid and reliable. In light of the
projected demographic changes for the U.S., the purpose of this study is to establish the validity
and reliability of the CMIT with a primarily Spanish-speaking population. It is the hope of the
researcher to, not only make this instrument available for use with the Latino population, but to
also shed light on the need for culture specific normalization data as well as validity and
reliability studies with ethnic populations which will allow for proper representation of all ethnic
groups for all neuropsychological assessment instruments.
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Research Methods
This section will describe the participants, the instruments used, detailed administration
methods, procedures and data analysis methods.
Participants
The overall sample size for this study was 127 Latino participants between the ages of 21
to 62 with a mean age of 44. These participants were primarily Spanish-speaking and the
majority of this population had achieved an educational level between 10 to 12 years with a
mean of 10.57 years of education. This sample also consisted of 99 males and 16 females with
12 individual who did not specify gender or were transgender. These demographics are
illustrated in Table 1, Table 2 and Table 3.
Instruments
Administration of the CMIT. The CMIT is a short and easily administered memory test
that measures visual long-term memory and susceptibility to cognitive interference, (Maj et al.,
1991). This instrument can be considered a well-developed and well-vetted direct test of visual
memory, during which the examinee is asked to select between two previously presented visual
stimuli (as stated above, visual stimuli consist of pictures of everyday objects).
The CMIT consists of five parts. Part A includes a brief demographic questionnaire,
which takes approximately five minutes to complete. However, the CMIT also provides multiple
questionnaires, which collect more detailed information about the examinee. Part B presents the
examinee with a pre-test trial, which was designed to familiarize the examinee with the
instrument. Part C presents the examinee with the target images to be memorized after which an
immediate recall phase is administered. This includes three groups of images called books.
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Part D includes a recall phase, which was designed to detect cognitive interference and
cognitive comingling of images. Finally, Part E administers the reaction time portion of the test.
Part A, the demographic questionnaire. The CMIT has four questionnaires each of
which enquires about a different aspect of the examinee’s life. Examinees have the option of
answering all or none of these questionnaires.
The instrument begins with part A, which informs the examinee of the four
questionnaires and gives them the option to proceed with the questionnaires or to decline. If the
examinee endorses “Yes” and hits the spacebar, the questionnaire is administered. If the
examinee endorses “No” and hits the spacebar the questionnaire portion is bypassed.
The first questionnaire enquires about the examinee’s origins. This questionnaire is called
the “Origins Questionnaire”, where the examinee is asked questions regarding, age, ethnicity,
level of education, first language, etc.
The second questionnaire, called the “Past Questionnaire”, gathers information about the
examinee’s history. Questions such as “Is this your first time performing the Computerized
Memory Interference Test?” are presented. This portion of the instrument also enquires about a
history of special education, loss of consciousness and handedness.
The third questionnaire, called the “Habits Questionnaire”, enquires about the examinee’s
day-to-day life. Questions regarding frequency of caffeine use, tobacco use, and alcohol use are
presented.
Finally the fourth questionnaire, called the “Today Questionnaire”, enquires about the
examinee’s current state. This questionnaire may seem redundant, since it too enquires about
caffeine, nicotine and alcohol use, however, it is important to note that the questions enquire
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about use of these substances on the day of administration. Other questions include, “How do
you feel mentally right now?” and “How much are you in love right now?”
Part B, the pre-test trial. The pre-test part of the instrument (Part B) was designed to
familiarize the examinee with the instrument, especially in preparation for the post-test reaction
time trial (discussed later). The instructions read “On your keyboard, with your index finger,
press the right arrow key if the item is a square. Press the left arrow key if the item is not a
square.” This section also informs the examinee that this portion of the instrument is timed and
that the examinee should work as quickly as possible. During the administration of this portion
10 images are presented some of which are squares and some of which are circles. During the
administration of these 10 items the examinee is to respond based on the formerly provided
instructions.
Part C, Book 1. This portion of the instrument begins by stating, “You are going to be
presented with some items that you need to remember. The items are things that exist in the real
world.” Once the examinee presses the spacebar, the administration of this portion begins.
Twenty images, which were adapted from the Snodgrass and Vanderwart (1980) study are
presented at two-second intervals. These images were standardized and are pictures of objects
that are commonly recognizable (e.g., a hand). After the 20 items are presented the Recall Group
1 portion is presented.
The instructions during the recall portion read “These were the items that you needed to
remember. Now you are going to be presented with some more items. Some of the items will be
the ones you just were presented with. Others will be new. You are to identify which items you
remember from before.” The examinee is instructed to strike the left arrow if the item is new,
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and the right arrow if he or she remembers seeing the image. Next, 50 images are presented to
the examinee and he or she is instructed to respond based on the instructions provided above.
Part C, Book 2. The initial instructions for group 2 are identical to those of group 1. The
examinee is simply instructed to observe and try to memorize the images. Also like group 1, 20
images are presented to the examinee at two-second intervals.
The examinee is then instructed to identify the images that they observed in the former
presentation. The instructions for this portion are slightly different than those of group 1 in that
they specifically instruct the examinee to identify images observed in group 2 only. Again, 50
items are presented to the examinee and the examinee is to respond based on the instructions
provided for this section.
Part C, Book 3. Again, the initial instructions for this portion are identical to the initial
instructions provided in the former two groups. The examinee is instructed, once again, to
observe and memorize the images presented to him or her. Twenty items are presented at twosecond intervals after which the examinee is to identify the images he or she observed from
group 3 (and only group 3) among 50 images, which are presented to him or her. Next, the 50
items are presented and the examinee is to respond based on the instructions provided for this
section.
Part D, Book 4. Part D of this instrument, in a way, combines the recall tasks of all the
formerly presented recall tasks. The instructions read, “Now you are going to be presented with
some more items. For each item you will need to identify which group the item came from. On
your keypad and with your right index finger: Press the 1 key if they are from group 1, press the
2 key if they are from group 2, press the 3 key if they are from group 3, press the 0 key if they
are not from group 1 or group 2 or group 3”. After the instructions are read and understood the
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examinee is to hit the spacebar key to begin this portion. Once the spacebar is struck, 60 items
are presented and the examinee is to respond according to the directions provided for this
section. Again, this fourth book, more so than the first three, requires some executive abilities to
avoid comingling of visually obtained information.
Part E, Book 5 the reaction time test. This portion of the instrument is a measure of
one’s reaction time. The initial instructions on the screen will read, “Now you are going to take a
brief Reaction Time Test. On your Keyboard, with your index finger, press the right arrow key if
the item is a square. Press the left arrow key if the item is not a square”. The examinee is then
instructed to place their index finger over the arrow keys and to hit space bar to begin.
Fifty images are then presented. Some of the images are square and some are circles. The
respondent is to respond to each item in accordance with the instructions provided for this
section. After all 50 items are presented and responded to the test is concluded.
CMIT scoring. For the computerized version of the PMIT, the computer automatically
calculates the scores. For each book, a true positive and true negative score is provided. True
positive scores are calculated based on the amount of times the respondent identified pictures
that were initially presented to him or her during the target trial. True negative scores are derived
from the number of times the respondent was able to avoid non-target images from interfering.
The computer also calculates false positive and false negative scores. False positive
scores are calculated based on the number of times the responded endorsed an image that was not
part of the target trial. False negative scores are calculated based on the number of times the
respondent does not endorse an item that was part of the target trial. z-scores are calculated from
the raw scores and are presented graphically for interpretation.
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Administration of the WMS-III VR I and VR II
As discussed in detail above, the WMS-III VR I and VR II are instruments that measure
immediate and delayed visual recall. During VR I the five images are presented to the examinee
for a period of 10 seconds and he or she is then asked to reproduce each image from memory.
During VR II the five images are not presented and the examinee is asked to recall each of the
five images from memory after a 20- to 30-minute delay. Next, the recognition phase is
administered. The criteria provided by the WMS-III manual are used to score each of the
drawings for both VR I and VR II and the raw scores are then converted to standard scores for
interpretation.
Administration of the RAVLT
As discussed above, the RAVLT is a verbal learning test consisting of seven subsections.
Initially, a list of 15 words is presented to the examinee after which the examinee is asked to
repeat the words in any order. This aspect of the instrument is repeated five different times. Next,
a second list of 15 words is presented and the examinee is then asked to repeat the words in any
order. This latter section is to assess susceptibility to cognitive interference (i.e., mixing up the
words from the two lists). After a 20- to 30-minute delay, the examinee is then asked to repeat
the words from the first list, which was presented to assess long-term memory. Finally, a
recognition phase is administered. Raw scores are then converted to z-scores for interpretation.
Administration of the WAIS-III
The WAIS-III is an instrument consisting of a battery of 14 subtests (as described above)
each of which measures a specific cognitive ability. Kaufman and Lictenberger (1999) described
this instrument in detail. Out of these 14 subtests 10 are typically administered. These subtests
include Picture Completion, Vocabulary, Digit-Symbol Coding, Similarities, Block Design,
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Arithmetic, Matrix Reasoning, Digit Span, Information, Picture Arrangement, Comprehension,
Symbol Search, Letter-Number Sequencing and Object Assembly.
During the Picture Completion Subtest, the patient or participant is presented with
multiple pictures and asked to identify inconsistencies within each picture (e.g., an image may
show a man brushing his teeth without a toothbrush in his hand). This subtest is one of three
subtests, which assess visual organization skills.
The Vocabulary Subtest simply involves presenting the patient or participant with words
and asking him or her to define the words. This particular subtest is considered the most reliable
and valid assessment of verbal intelligence within the WAIS-III battery.
The Digit-Symbol Coding Subtests involves presenting the patient or participant with a
page containing a key identifying numbers and corresponding symbols as well as a section below
the key with boxes filled with digits and, below those, empty boxes. The patient or participant is
asked to fill-in the corresponding symbols, from the key, within the empty boxes blow the
numbers provided below the key. The patient or participant is given 120 seconds to complete as
much of this subtest as possible. This particular subtest is a measure of visual scanning and
processing speed.
The Similarities Subtest involves presenting the patient or participant with two words
(e.g., tulip and rose) and asking him or her to identify similarities between the two words (e.g.,
both flowers). During this subtest one point is given for concrete responses (e.g., a tulip and a
rose are both colorful) and two points are given for abstract responses (e.g., a tulip and a rose are
both flowers).
The Block Design Subtest is a measure of visual constructions. For this subtest the
patient or participant is given six blocks and presented with images on a page. The patient or
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participant is, then, asked to recreate the image presented using the six blocks. As the
administration progresses, the examinee is then given nine blocks making the subtest more
difficult. The patient or participant is rewarded with more points the faster he or she is able to
complete each item.
The Arithmetic Subtest involves verbally presenting the patient or participant with
arithmetic word problems and asking him or her to solve the problem without the use of pen or
paper. As the administration progresses the word problems become increasingly difficult (and
longer). This subtest is primarily a measure of working memory.
The Matrix-Reasoning Subtest involves presenting the patient or participant with a matrix
containing shapes placed in a specific pattern. The patient or participant is then asked to
complete the pattern by choosing the next appropriate shape within the matrix from a pool of five
shapes. This subtest is a measure of visual organization and abstract thinking ability.
The Digit-Span Subtest is a measure of working memory and presents the patient or
participant with strings of digits. He or she is then asked to repeat the digits in the same order as
they were presented. The strings of digits presented become increasingly longer as the
administration progresses. Each item offers two points to be earned. The subtest is discontinued
when the patient or participant is unable to earn any points within any one item.
The Information Subtest involves asking the patient or participant questions they would
have learned in academic settings (e.g., Who was Abraham Lincoln?). This subtest measures
crystalized knowledge and verbal abilities.
The Picture Arrangement Subtest presents the patient or participant with images, which,
if placed in the correct order depict an event from beginning to end (e.g., a man painting a
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home). This is done using cards with the images printed on each. The picture arrangement
subtest is a measure of perceptual organization.
The Comprehension Subtest involves asking the patient or participant questions (e.g.,
Why do we require police officers to wear badges?). The patient or participant receives one point
for each question answered correctly. This subtest is primarily a measure of verbal
comprehension.
During the Symbol Search Subtest the patient or participant is presented with multiple
pages (one at a time) each of which has two target symbols adjacent to a small matrix of other
symbols. He or she is then asked to identify one of the two target symbols within the small
matrix of other symbols (only one of the two target symbols will be present within the matrix, if
any). If the patient or participant is able to identify one of the target symbols within the small
matrix he or she is instructed to draw a line through the symbol within the small matrix using a
pencil. If neither target symbols are present within the small matrix the patient or participant is
instructed to draw a line through a “NO” box, which is also provided, indicating that no target
symbols were detected within the small matrix. The patient or participant is given 120 seconds to
complete as much of this subtest as possible. The symbol search subtest is primarily a measure of
processing speed.
The Letter-Number Sequencing Subtest is similar to the Digit Span Subtest in that the
patient or participant is presented with a string of digits and letters. The patient or participant is
then asked to sequence the numbers and letters in order (numbers first, then letters). This subtest,
too, is a measure of working memory.
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Finally, the Object Assembly Subtest is a measure of perceptual organization and
presents the patient or participant with increasingly difficult but small jigsaw puzzles (e.g., asks
the patient or participant to assemble a cut-up Rhinoceros).
As stated above, during a standard administration of the WAIS-III, 10 of the 14 subtests
are typically administered. The final four subtests are typically reserved and used as proxy
subtests in case one of the first 10 subtests is deemed inappropriate for a particular patient or
participant or is invalid or uninterpretable. Raw scores from the subtests are converted to scale
scores for each subtest and, in turn, to standard scores for each index and the FSIQ.
Administration of the WAIS-III typically takes an experienced examiner 45- to 60-minutes.
Procedures & Data Analysis
The study will be divided into six phases: (a) The first phase will involve assessing all the
data for proper distribution, and homogeneity of variance for parametric analysis, (b) the second
phase will involve using the control group data and correlating the CMIT scores with those of the
WMS-III VR I and VR II, (c) the third phase will involve using the control group data and
correlating the CMIT scores with those of the RAVLT, (d) the fourth phase will involve using
the control group data and correlating the CMIT scores with those of the WAIS-III Block
Design, Matrix Reasoning and Vocabulary subtest, (e) the fifth phase will involve comparing the
CMIT scores of the participants from the control group to those of the treatment group. Finally,
(f) the Cronbach’s Alpha statistical method will be use for the analysis of internal reliability.
Phase A, B, C & D: Correlation between CMIT scores and WMS-III VR I and VR
II, RAVLT and the three WAIS-III subtest scores collected for the control group.
Initially, the data collected for each subtest from each instrument will be assessed for skewness
and kurtosis as well as for homogeneity of variance (Kim, 2013). As stated above, when
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attempting to establish the validity of a newly developed instrument, it is not uncommon to first
attempt to establish convergent validity. One aspect of this study, attempts to correlate the CMIT
control group scores (i.e., scores form individuals not identified as exhibiting cognitive deficits
due to HIV-1) with those of the WMS-III VR I and VR II control group scores using the Pearson
correlation method to determine linear correlations between the scores (Spearman correlations
will be used for data with anomalous distribution patterns as needed). Since both the CMIT and
the WMS-III VR I and VR II are measures of visual memory, it makes sense to use the VR I and
II to establish convergent validity for the CMIT.
Further, to establish discriminant validity, during phase (c) the CMIT control group
scores will be correlated with those of the RAVLT control group scores, again, using the Pearson
correlation method (again, Spearman correlations will be used for data with anomalous
distribution patterns as needed). Since the CMIT is an instrument that measures visual learning
and memory, and tests a completely different domain than that of the RAVLT, it is hypothesized
that statistically significant correlations will not exist between the scores obtained from these two
instruments.
Similarly, phase (d) will be used to detect correlations between the control group scores
from the three selected WAIS-III subtests and CMIT control group scores using the Pearson or
Spearman correlation method. It is hypothesized that statistically significant correlations will not
be observed between the CMIT scores and the WAIS-III subtest scores since the three selected
subtests do not involve memory.
Phase E. Phase (e) will serve to establish construct validity and reliability. Since
individuals who have been diagnosed as HIV associated neurocognitive disorder (HAND) tend
to show difficulties with memory tasks, CMIT scores from the control group will be compared to
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those of the treatment group (HAND group). This will be accomplished by using a One-way
Analysis of Variance (ANOVA). If a statistically significant difference is found between these
two groups, this will show that the CMIT is well constructed and can detect deficits in visual
memory.
Phase F. During this final phase, the internal reliability of the instrument will be
established by employing Cronbach’s Alpha. Overall correlations and inter-item correlations will
be calculated as well as the effects on the overall correlations if specific items are deleted. The
Statistical Packages for the Social Science’s version 19 (SPSS 19) will be used during all
analyses in this study.
Importance and Purpose of Study
The determination of the discriminant validity, convergent validity and internal reliability
of the CMIT is important for several reasons. First, the validation of this instrument will bring
this instrument one step closer for use with Spanish-speaking patients and participants and will
add to the multicultural neuropsychological literature. Second, if the CMIT were proven to be
invalid or unreliable, the knowledge of this would prevent neuropsychologists from using the
instrument and, in turn, misdiagnosing a patient. Finally, the publication of this dissertation may
encourage further research and, perhaps, motivate replication of this study with populations from
a wide range of linguistic and cultural backgrounds.
Therefore, the purpose of this dissertation is to (1) determine the convergent validity of
the CMIT with primary Spanish-speaking individuals, (2) to determine the discriminant validity
of the CMIT for primary Spanish-speaking individuals and (3) to determine the internal
reliability of the CMIT with primarily Spanish-speaking individuals. This investigation seeks to
answer the following research questions:
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1.

Is there a statistically significant correlation between CMIT scores and WMS-III
VR I and VR II scores collected for a primarily Spanish-speaking sample of healthy
individuals?

2.

Is there a statistically significant correlation between CMIT scores and RAVLT
scores collected from a primarily Spanish-speaking sample of healthy individuals?

3.

Is there a statistically significant correlation between CMIT scores and the three
WAIS-III subtest scores collected from a primarily Spanish-speaking sample of healthy
individuals?

4.

Is there a statistically significant difference between CMIT scores collected from
individuals who exhibited cognitive deficits due to HIV-1 and those from individuals
who did not exhibit cognitive deficits within a primarily Spanish-speaking sample of
individuals?

5.

Is there a statistically significant correlation between CMIT items internally?
Hypothesis 1. There will be a statistically significant correlation found between the

CMIT scores and the WMS-III VR I and VR II scores collected from a primarily Spanishspeaking sample of healthy individuals.
Hypothesis 2. There will not be a statistically significant correlation found between the
CMIT scores and the RAVLT scores collected from a primarily Spanish-speaking sample of
healthy individuals.
Hypothesis 3. The three selected WAIS-III subtest scores (Matrix Reasoning,
Vocabulary and Block Design subtests) which do not involve visual memory, will not correlate
at a statistically significant level with CMIT scores collected from a primarily Spanish-speaking
sample of healthy individuals.
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Hypothesis 4. There will be a statistically significant difference found between the mean
CMIT scores collected from HIV-1 positive individuals whom exhibit cognitive deficits (known
group) and those individuals without cognitive deficits within a sample of primarily Spanishspeaking individuals.
Hypothesis 5. There will be statistically significant correlations between the items of the
CMIT internally.
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Results
Correlations
Two correlational studies were conducted between the CMIT scores and those of the
other instruments. The Spearman’s statistic was used to study the CMIT Books 1 and 5.
Spearman’s rho was used due to anomalies observed within the distribution of these variables
illustrated in Table 4.
Correlations between the CMIT and the WMS-III VR I, VR II
A Spearman’s correlational study did not indicate a strong relationship between the
scores obtained from the CMIT Book 1 and those obtained from the WMS-III Visual
Reproduction I, r(76)=-.010, p=.933, and Visual Reproduction II, r(76)=-.029 p=.804. Pearson
Correlational studies indicated statistically significant relationships between the PMIT Book 2
and the WMS-III Visual Reproduction I, r(76)=.353, p=.002, as well as Visual Reproduction II,
r(76)=.537, p<.001. Statistically significant correlations were also observed between the CMIT
Book 3 and the WMS-III Visual Reproduction I, r(76)=.299, p=.008, and the WMS-III Visual
Reproduction II, r(76)=.421, p<.001, the CMIT Book 4 and the WMS-III Visual Reproduction I,
r(75)=.285, p=.012, and the WMS-III Visual reproduction II, r(75)=.322, p=.004, as well as the
CMIT Total Score and the WMS-III Visual Reproduction I, r(75)=.349, r=.002, and the WMSIII Visual Reproduction II, r(75)=.459, p<.001. These results are illustrated in Table 5.
Correlations between the CMIT and the RAVLT
Statistically non-significant correlations were observed between the CMIT Book 1 and
the RAVLT Trial 1, r(76)=.018, p=.874, the RAVLT Trail 2, r(76)=-.186, p=.102, the RAVLT
Trial 3, r(76)=-.145, p=.206, the RAVLT Trail 4 , r(76)=-.089, p=.436, the RAVLT Trail 5,
r(76)=-.029, p=.798, the RAVLT Total Score, r(75)=-.110, p=.339, the RAVLT List B, r(76)=-
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.046, p=.692, the RAVLT Short Delay, r(76)=-.066, p=.564, the RAVLT Long Delay, r(76)=.026, p=.823, and the RAVLT Recognition Trail , r(76)=.004, p=.972.
Statistically non-significant results were also observed between the CMIT Book 2 and the
RAVLT Trial 1, r(76)=-.047, p=.683, the RAVLT Trial 2, r(76)=.166, p=.147, the RAVLT Trail
3, r(76)=.212, p=.062, the RAVLT Trail 4, r(76)=.193, p=.091, the RAVLT Trail 5, r(76)=.210,
p=.065, the RAVLT Total Score, r(75)=.214, p=.062, the RAVLT List B ,r(76)=.061, p=.596,
the RAVLT Short Delay, r(76)=.169, p=.138 and the RAVLT Recognition, r(76)=.191, p=.094.
A statistically significant correlation was observed between the CMIT Book 2 score and the
RAVLT Long Delay, r(76)=.254, p=.025.
Statistically non-significant results were observed between the CMIT Book 3 and the
RAVLT Trail 1, r(76)=-.024, p=.833, the RAVLT Trail 2, r(76)=.099, p=.391, the RAVLT Trail
3 , r(76)=.182, p=.110, the RAVLT Trail 4, r(76)=.153, p=.180, the RAVLT Trail 5, r(76)=.195,
p=.088, the RAVLT Total Score, r(75)=.175, p=.128, the RAVLT List B, r(76)=.216, p=.057,
the RAVLT Short Delay, r(76)=.090, p=.434, and the RAVLT Recognition, r(76)=.204, p=.073.
A statistically significant correlation was observed between the CMIT Book 3 and the RAVLT
Long Delay, r(76)=.241, p=.033.
The CMIT Book 4 did not correlate strongly with the RAVLT Trail 1, r(75)=.076,
p=.509, the RAVLT Trail 2 r(75)=.145, p=.208, The RAVLT Trial 3, r(75)=.212, p=.065, the
RAVLT Trail 4, r(75)=.220, p=.054, the RAVLT Trail 5 r(75)=190, p=.099, the RAVLT List B,
r(75)=.084, p=.468, the RAVLT Short Delay, r(75)=.218, p=.057, the RAVLT Long Delay,
r(75)=.208, p=.070, and the RAVLT Recognition Trail, r(75)=.135, p=.241. A statistically
significant correlation was observed between the CMIT Book 4 and the RAVLT Total Score,
r(74)=.236, p=.040.
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Statistically non-significant correlations were also observed between the CMIT Book 5
and the RAVLT Trial 1 r(75)=.085, p=.465, the RAVLT Trial 2, r(75)=.208, p=.070, the
RAVLE Trail 3, r(75)=.166, p=.149, the RAVLT Trail 4, r(75)=.186, p=.106, the RAVLT Trail
5, r(75)=.128, p=.268, the RAVLT Total Score, r(74)=.221, p=.055, the RAVLT List B,
r(75)=139, p=.228, The RAVLT short Delay, r(75)=.196, p=.087 and the RAVLT Recognition
Trail, r(75)=.044, p=.695. A statistically significant correlation was observed between the
RAVLT Long Delay and CMIT Book 5, r(75)=.356, p=.001.
Finally, the CMIT Total Scores correlated at a statistically significant level with the
RAVLT Trail 3, r(75)=.245, p=.032, the RAVLT Trail 4, r(75)=.239, p=.037, the RAVLT 5,
r(75)=.251, p=.028, the RAVLT Total Score, r(74)=.270, p=.019, the RAVLT Short Delay,
r(75)=.225, p<.049, and the RAVLT Long Delay, r(75)=.302, p=.008. The RAVLT Trail 1,
r(75)=.033, p=.774, Trail 2, r(75)=191, p=.097, List B, r(75)=.149, p=.196, and the Recognition
Trail, r(75)=.213, p=.063, did no correlate at a statistically significant level with the PMIT Total
Score. These results are illustrated in Table 5.
Correlations between the CMIT subtests and the WAIS-III
A Pearson correlation study was also conducted between the CMIT scores for Books 2, 3,
4 as well as the CMIT Total Score and three of the WAIS-III subtests (Block Design, Matrix
Reasoning and Vocabulary subtests). The results of these studies indicated a statistically nonsignificant correlation between the CMIT scores for Book 1 and the WAIS-III Block Design
Subtest, r(76)=.015, p=.895, the WAIS-III Matrix Reasoning Subtest, r(76)=.030, p=.792 and the
WAIS-III Vocabulary Subtest, r(76)=.025, p=.830. Statistically significant correlations were
observed between the CMIT Book 2 and the WAIS-III Block Design Subtest, r(76)=.334,
p=.003, the WAIS-III Matrix Reasoning Subtest, r(76)=.225, p=.047 and the WAIS-III
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Vocabulary Subtest, r(76)=.337, p=.003. Correlations observed between the CMIT Book 3 and
the WAIS-III Block Design Subtest were also statistically significant, r(76)=.378, p=.001, as
were correlations between the WAIS-III Matrix Reasoning Subtest, r(76)=.253, p=.025 and the
WAIS-III Vocabulary Subtest, r(76)=.381, p=.001. Similarly, statistically significant correlations
were observed between the CMIT Book 4 and the WAIS-III Block Design Subtest, r(76)=.318,
p=.005, the WAIS-III Matrix Reasoning Subtest, r(76)=.251, p=.027 and the WAIS-III
Vocabulary subtest, r(75)=.385, p=.001. Observations made between the CMIT Book 5 and the
three WAIS-III subtests indicated statistically non-significant correlations between the CMIT
Book 5 and the WAIS-III Block Design Subtest, r(76)=.219, p=.056, and the WAIS-III Matrix
Reasoning Subtest, r(76)=.153, p=.184. Correlations between the WAIS-III Vocabulary Subtest
and the CMIT Book 5 were statistically significant, r(75)=.275, p=.016.
Finally, Statistically significant correlations were observed between the CMIT Total
Score and the WAIS-III Block Design Subtest, r(75)=.366, p=.001, the WAIS-III Matrix
Reasoning subtest, r(75)=.267, p=.019 and the WAIS-III Vocabulary Subtest, r(75)=.438,
p<.001. These results are illustrated in Table 5.
ANOVA Between Individuals With and Without HAND
A univariate ANOVA was used to assess known-group validity by comparing the CMIT
scores between individuals without HAND and those with HAND. As shown in Table 6,
individuals without HAND generally scored significantly higher on the CMIT subtests compared
to individuals with HAND. Specifically, individuals without HAND scored significantly higher
on CMIT Book 1, CMIT Book 2, CMIT Book 3, CMIT Book 4, and the CMIT Total Scores
(p<.02). In contrast, no statistically significant difference was observed between the average
scores of individuals with and without HAND on CMIT Book 5 (p=.285).
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CMIT Internal Consistency
In order to assess the reliability of the scale, Cronbach’s coefficient alpha, was
calculated. As stated above, Cronbach’s coefficient alpha (α) is a measure of overall scale
reliability in which average correlations among items are evaluated to provide an estimate of the
internal consistency. A Cronbach’s alpha reliability statistic of .70 is considered as the minimum
value for adequate internal consistency (Kline, 2000). In addition, the Cronbach’s alpha if item
deleted index was evaluated to determine if the reliability could be improved through removal of
individual scales (i.e., books) from the CMIT measure. The alpha coefficient obtained for the
five scales of the CMIT was .768. The reliability of this scale is acceptable for purposes of basic
early stage research because it exceeds the standard considered to be satisfactory for such
purposes (.70).
In order to determine if the reliability of the scale could be improved through exclusion
of any of the five CMIT scales, the Cronbach’s α if item deleted index was examined. The
Cronbach’s α if item deleted index specifies the value of α if that specific item were removed
from the scale. Since α for the original five-scale version of the CMIT is .768, any items with an
α if item removed value greater than .768 are detracting from the reliability of the measure. As
shown in Table 7, the α if item deleted of CMIT Book 5 indicated that the reliability of the scale
would be improved if it were excluded from the total measure score, increasing from .768 to
.808. It important to note that a reliability of .808 is desirable as it exceeds the .80 criterion
necessary to conduct research involving comparison between groups.
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Discussion
Hypothesis One
In regards to the first hypothesis, statistically significant correlations were observed
between the WMS Visual Reproduction subtests and four out of six of the CMIT scores,
including the CMIT Total Score. Books 1 and 5 did not correlate with the WMS Visual
Reproduction scores at a statistically significant level. The lack of a statistically significant
correlation observed between the WMS subtests and Book 5 was not surprising since Book 5 is a
test of reaction time with scores measured in total correct responses. However, the lack of a
correlation between the WMS subtests and Book 1 was surprising.
Upon further examination of the nature of the two instruments, Book 1 of the CMIT is
the least challenging of the instrument’s subtest as it does not require that the examinee decipher
between images observed within Book 1 and the other books. It would, therefore, make sense
why there might be a lesser correlation between this initial CMIT book and the WMS subtests
since the level of difficulty for the WMS subtests remain consistent, and relatively difficult,
throughout the administration. As the CMIT progresses, however, the examinee begins to be
asked to decipher between images observed within the current book as well as former books.
Therefore, the memory task becomes increasingly difficult as the administration progresses. One
can postulate, then, that as the administration of the CMIT progresses, scores begin to more
closely match the more difficult WMS tasks causing the correlation coefficient to increase.
Book 1 was also the only non-normally distributed variable showing a skewed and
leptokurtic distribution as well as a lack of homogeneity of variance. Therefore, non-parametric
correlational statistics were used for this book (Bishara & Hittner, 2012). However, statistically
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significant correlations were still not observed between this book and the other WMS subtests
post the application of non-parametric methods.
It is important to note here that due to the fact that the CMIT total scores, which are
produced after a typical administration, include true negatives; true negative responses were also
included in this study as correct responses. Given the correlations observed between the other
three books of the CMIT and the WMS subtests, convergent validity of the CMIT can be
considered confirmed in this case.
Hypothesis Two
It was hypothesized that the RAVLT scores would not show statistically significant
correlations with the CMIT scores given that the two instruments assess two separates domains
of memory. This was shown to be true to some degree. Very few correlations were observed
between the RAVLT trials and the CMIT Books 1 through 4. However, six out of the 10
correlations conducted between the CMIT Total Scores (which, again, include true negatives)
and the RAVLT subtests showed statistically significant levels of correlation.
Similar to the results observed with the WMS, these results may be due to the fact that
the two instruments begin at differing levels of difficulty. The RAVLT begins with a list of 15
words and over the course of five separate learning trials becomes a much easier memory task by
the fifth trial due to repetition, rehearsal and learning. Recent studies have corroborated this
showing that increased and over-rehearsal strategies employed by certain examinees increased
performance on the RAVLT dramatically (Bowler, Limoges, & Mottron, 2009; Hessen, 2011).
It, therefore, makes sense that the scores from the two instruments would become increasingly
similar as the RAVLT progresses, with the greatest number of correlations observed between the
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CMIT books and the RAVLT total score. Essentially, the RAVLT begins as an extremely
difficult memory-demanding task, but becomes easier with the advent of rehearsal.
In regards to why the visual memory instrument (the CMIT) and the verbal memory
instrument (the RAVLT) show any correlations at all, given they assess two different domains of
memory; studies have also shown that these two memory domains are not so dissimilar and the
observation of correlations between them are not uncommon. Park, Lautenschlager, Hedden,
Davidson and Smith (2002) have demonstrated significant correlations between these two
memory domains across the life-span with similar levels of decline in older aged adults.
Giambra, Arenberg, Zonderman, Kawas and Costa (1995) also found similar results in this
regard. Given these results, discriminant validity of the CMIT cannot be considered as confirmed
in this case.
Hypothesis Three
It was hypothesized that the CMIT scores would not correlate with the three WAIS
Subtests (i.e., Block Design, Matrix Reasoning and Vocabulary). Surprisingly, many of the
CMIT scores correlated significantly with the scores from the WAIS subtests including the
CMIT Total Scores. The discriminate validity of the CMIT was, therefore, not established in this
case.
These findings are surprising due to the fact that the WAIS subtests, which were used,
were not designed to assess memory functioning. It was postulated, therefore, that these
instruments would serve the researcher well in establishing discriminant validity via correlational
studies.
In retrospect, two of these instruments, namely the Block Design and Matrix Reasoning,
are also demanding of executive abilities since they both require a certain level of visual spatial
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reasoning (Friedman et al., 2006). As stated above, Books 2, 3, and especially 4 of the CMIT
also force the examinee to utilize executive abilities to prevent comingling of visual information.
In light of this, it makes some sense that these two WAIS subtests, which were used, would
correlate with Books 2, 3, 4 and, in turn, the CMIT Total Score. This is especially true since true
negatives were included as correct answers and it is these true negative scores that represent the
executive ability to keep the visual information organized.
In this case, it can be stated that the requirement of executive abilities by these two
instruments acted as a confound and could very well have caused the strong correlations
observed between the WAIS Block Design and Matrix Reasoning and the CMIT Books 2, 3, 4
and Total Score. The fact that Book 1 of the CMIT did not correlate with any of the WAIS
instruments corroborates this idea since this book requires virtually no amount of executive
ability.
As for the Vocabulary Subtest from the WAIS, this too showed strong correlations with
the CMIT Books 2, 3, 4, and in turn, the Totals Score. This subtest of the WAIS has also been
shown to correlate at a statistically significant level with various measures of executive
functioning (Friedman et al., 2006). Further, as stated above, research has shown that visual
memory and verbal memory are strongly interrelated (Giambra et al., 1995; Park et al., 2002). It,
therefore, makes sense that a subtest that requires some verbal memory, such as the WAIS
Vocabulary subtest, might correlate, to some degree, with a measure of visual memory such as
the CMIT.
Hypothesis Four
As hypothesized, statistically significant differences were observed between the HAND
diagnosed group and the non-HAND diagnosed group, with the non-HAND diagnosed group
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scoring consistently higher. Further, the fifth portion of the instrument, a test of reaction time
which recorded correct and incorrect answers, was the only variable for which statistically
significant differences were not observed. As stated above, since the HAND diagnosed group
was known to have memory deficits, these results demonstrate that the CMIT is sensitive to
detection of visual memory deficits.
Hypothesis Five
To assess internal reliability, Cronbach’s α statistic was used. The results indicated that
the internal consistency of the CMIT was sufficiently established. Further, the results indicated
that if the fifth portions of the CMIT, which assess reaction time, were deleted, the internal
consistency of the CMIT would be greatly improved. These results suggest a strong level of
internal consistency among the items.
Limitations and Implications for Further Research
In retrospect, several issues must be addressed with this study. First, it would seem that,
according to the literature, it was unwise to use a measure of verbal memory (i.e., the RAVLT)
to establish discriminant validity as the domain of visuospatial memory and verbal memory have
proven to be interrelated (Giambra et al., 1995; Park et al., 2002). Recommendations for further
research include using instruments such as the WAIS Digit Span, Arithmetic or Letter-number
Sequencing subtests which are designed to assess working memory which is further removed
from the domain of visuospatial memory than is verbal memory. As an example, Bagby,
Graeme, James and Parker (1994) used such instruments as the Psychological Mindedness Scale
(PMS) to assess the discriminant validity of the Toronto Alexithymia Scale (TAS-20), which is a
measure of one’s ability to describe or understand one’s emotional status. In this case, the
researchers used an instrument which assessed a domain of emotional and cognitive functioning
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that was virtually opposite of those of the TAS-20. As a result, the scores were found to be
negatively correlated and provided sufficient evidence for discriminant validity.
Second, though some seemingly dissimilar measures were used (i.e., the WAIS subtests),
these instruments still shared a common variable in that they all required either verbal memory
or executive functioning abilities that seem to have served as confounds. This too, should have
been avoided. Subtests from the WAIS such as the Digit Span, Arithmetic or Letter-Number
Sequencing may have better served the purpose of establishing discriminant validity. The
establishment of discriminant validity of such instruments as the CMIT is difficult given that
multiple domains are required to complete the task successfully. The instruments employed
within a research design of this kind, for the purpose of establishing discriminant validity, should
be well vetted.
Finally, the known-group method used in hypothesis four which was employed to
establish reliability seemed to serve this study well as the researcher failed to reject this
hypothesis. Further, the statistical methods used to test hypothesis five (Cronbach’s α) was also
effective in establishing internal reliability and consistency. The latter two statistical methods,
therefore, are recommended in future studies of this kind.
Final Comments
To date, the neuropsychological and psychometric literature indicates a lack of ethnicspecific normalization data and instruments that are shown to be valid and reliable for use with
many ethnic groups (e.g., Benedict et al., 2012). Recent studies have also shown that an
individual’s cultural background can have profound effects on the individuals performance on
many neuropsychological and psychometric instruments when proper instruments and
normalization data are not used (Silverberg, Hanks, & Tomkins, 2013). It is the hope of the
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researcher that this study has emphasized the importance of establishing instruments, such as the
CMIT, valid and reliable for use with specific ethnic groups, and to encourage researchers to
continue efforts in collecting culture specific normalization data as required by the American
Psychological Association (2002).
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students.

Simple
video
monitor
and image
stimuli.

Experimental The authors
demonstrated that
visual working
memory has a larger
capacity than
previously described.
Visual working
memory does not
only have the
capacity to retain
simple forms of
information (e.g., the
color of an object)
but can also retain
information regarding
other aspects of
objects such as
orientation, position
on a plane etc.
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This book discusses
aspects of
lateralization
including left-later,
right-lateral and
frontal tasks. Lesions
in these lobes are also
discussed with
explanations of
functional deficits
observed post-insult.

Markowitsc
h, H. J.
(1994).
Effects of
emotion
and arousal
on memory
processing
by the
brain. Mem
ory,
Learning
and the
Brain, 7,
210-240.
http://dx.do
i.org/10.11
42/9789814
354752_00
05
Reynolds,
C. R., &
Bigler, E.
D. (1995).
Factor
structure,
factor
indexes,
and other
useful
statistics
for
interpretati
on of the
Test of
Memory
and
Learning
(TOMAL).
Archives of
Clinical
Neuropsych
ology, 11,
29-43.
http://dx.do
i.org/10.10

A book
describing
the memory
system of
the brain.

N/A

N/A

Theoretical/
Book

The book goes into
great detail
describing the
functional anatomy of
the various lobes of
the brain. Subcortical
regions such as the
hypothalamus,
thalamus and
reticular formations
are also discussed.
The author describes
in detail deficits
which may occur due
to insult to
specifically described
regions of the human
brain.

Analyses
N/A
the validity
and
reliability of
the TOMAL
instrument.

N/A

Theoretical

A factor analysis was
done for all TOMAL
subtests based on
responses of the
original
standardization
sample. The major
finding [contribution]
was that the authors
made available new
normative tables and
reliability data to be
used for clinical
work.
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93/arclin/1
1.1.29
Rouder, T.
J., Cowan,
N.,
Zwilling,
C. E.,
Morey, C.
C., &
Pratte, M.
S. (2008).
An
assessment
fixedcapacity
models of
visual
working
memory.
Precedings
of the
National
Academy of
Sciences,
105, 59755979.
http://dx.do
i.org/10.10
73/pnas.07
11295105
Sander, A.
M.,
NakaseRichardso,
R.,
Constantini
dou, F.,
Wertheime,
J., & Paul,
D. R.
(2007).
Memory
assessment
on an
interdiscipli

Tested the
capacity of
the visual
working
memory to
assess for
fixed
capacity.

Twentythree
students
from an
introductor
y
psychology
class at the
University
of Missouri
and
Columbia
were used.

Study
Experimental Authors provided
arrays:
strong scientific
Squares
support for the Fixedwhose
capacity Model of the
colors were
visual working
sampled
memory system of
without
the human brain.
replacemen
Authors conclude that
t from 10
fixed-capacity
colors.
models hold as a
scientific model of
visual working
memory.

Memory
assessment
on an
interdiscipli
nary
rehabilitatio
n team: A
theoretically
based
framework.

N/A

N/A

59

Theoretical

The authors provide a
theoretical
retrospective on
models of memory.
Authors discuss early
models of memory as
developed by
Atkinson and Shiffrin
(1968) and discuss
how older models
slowly became
antiquated.

nary
rehabilitati
on team: A
theoreticall
y based
framework.
American
Journal of
SpeechLanguage
Pathology,
16, 316330.
http://dx.do
i.org/10.10
44/10580360(2007/
036)
Schneider,
W., &
Detweiler,
M. (1987).
A
connectioni
st/control
architecture
for working
memory. In
G. Bower
(Ed.), The
psychology
of learning
and
motivation:
Advances
in research
and theory
(54-119).
NY:
Academic
Press.
http://dx.do
i.org/10.10
16/s00797421(08)60
026-2

A book
discussing
neuroanato
my and
motivation.

N/A

N/A

60

Theoretical/
Book

Memory as a domain
is dependent on many
other domains such
as attention. Further,
motivation and
emotional responses
also facilitate
memory encoding.

Shelton, J.
R., Martin,
R. C., &
Yaffee, L.
S. (1990).
Investigatin
g a verbal
short-term
memory
deficit and
its
consequenc
es for
language
processing.
Cognitive
Neuropsych
ology in
Clinical
Practice, 6,
131-167.
Retrieved
from
www.books
.google.co
m
Squire, L.
R., & ZolaMorgan, S.
(1991). The
medical
temporal
lobe
memory
system.
Science,
253, 13801386.
http://dx.do
i.org/10.11
26/science.
1896849
Wheeler,
M. W., &
Treisman,
A. M.

Discusses
N/A
verbal shortterm
memory
deficits.

N/A

Theoretical

Covers aspects of
short-term memory.
A history of shortterm memory models
are provided and
concurrent complex
models are also
presented.

Corroborate
s that the
anatomical
components
of the
brain’s
memory
system is
primarily
within the
medial
temporal
lobes
(bilaterally).

N/A

N/A

Theoretical

Emphasizes the
importance of the
connections between
the medial temporal
lobes, the cortex and
other subcortical
regions (e.g.,
entorhinal, perirhinal,
and parahippocampal
regions) in memory
functioning.

Article
discussing
the
integration

N/A

N/A

Theoretical

Features from similar
dimensions (of
objects) may be
competing for

61

(2002).
Binding in
short-term
visual
memory.
Journal of
Experiment
al
Psychology
: General,
131, 48-64.
http://dx.do
i.org/10.10
37/00963445.131.1.
48

of complex
information
in human
working
memory and
its effects
on shaping
conscious
cognition.

capacity of working
memory in humans.

Visual Memory
Author/
Year
Hollingw
orth, A.
& Luck,
S. J.
(2008).
Visual
memory
systems.
In S. J.
Luck &
A.
Hollingw
orth
(Eds.),
Visual
Memory
(pp. 3-8).
New
York,
NY:
Oxford
Universit
y Press.
http://dx.

Research
Questions/
Objectives
Describing
the visual
memory
system in
the brain.

Sample
N/A

Variables/
Instrumen
ts
N/A

62

Research
Approach/D
esign
Theoretical

Major Findings
Described, in detail, the
neurocircuitry of the
visual memory system.
Described how
information is obtained,
registered and stored.

doi.org/1
0.1093/ac
prof:oso/
9780195
305487.0
03.0001
Maj, M.,
Janssen,
R., Satz,
P.,
Zaudig,
M.,
Starace,
F., Boor,
D.,. . .
Sartorius,
N.
(1991).
The
World
Health
Organizat
ions’
crosscultural
study on
neuropsy
chiatric
aspects of
infection
with the
human
immunod
eficiency
virus
(HIV-1).
British
Journal
of
Psychiatr
y, 159,
351-356.
http://dx.
doi.org/1
0.1192/bj
p.159.3.3

A study
conducted
by the
World
Health
Organizatio
n (WHO) to
better
understand
the nature
and of HIV1 associated
neurocogniti
ve,
psychiatric,
and
neuropsych
ological
abnormalitie
s. This was
a
geographica
lly diverse
study.

N=175
(127 men
and 48
women)
Participants
were
recruited
from
Brazil,
Samples
were taken
from:
Kenya
Germany,
Thailand,
United
States, and
Zaire. It
included 62
HIV-1
asymptoma
tic
individuals,
53 HIV-1
symptomati
c
individuals,
and 60
healthy
adults.

Domains
Causalassessed:
Comparative
reaction
time,
attention,
selective
attention,
perceptual/
motor
analysis,
cognitive
flexibility,
verbal and
visual
memory.
Instruments
used
included
the
(WHO/UC
LA Picture
Memory
Interferenc
e Test), and
verbal
fluency.
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Study aimed to provide
a comprehensive
evaluation of
instruments, especially
for the assessment of
HIV-1-associated
neurocognitive
disorders caused by the
HIV-1 virus. Due to
the wide spread nature
of the HIV-1 virus,
many multi-culturally
fair instruments, such
as the PMIT were
developed and used for
this study. Data was
collected on the types
of cognitive deficits
observed in those in
advanced stages of the
disease.
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Benedict,
R.,
Schretele
n, D.,
Gronding
er, L.,
Dobraski,
M., &
Shpritz,
B.
(1996).
Revision
of the
Brief
Visuasop
atial
Memory
Test:
Studies
of normal
performa
nce,
validity
and
reliabilit.
Psycholo
gical
Assessme
nt, 8,
145-153.
http://dx.
doi.org/1
0.1037/1
0403590.8.2.
145
Manly, J.
J., &
Echemen
dia, R. J.
(2007).
Racespecific
norms:
Using the

Developme
nt of the
Brief visual
Memory
Test.
Validation/r
eliability
assessment.

N/A

Reports
N/A
issues
regarding
race culture
and
education
using
specific
normalizatio

BVMT

Theoretical

Describes the
development,
administration,
normalization,
validation and
assessment of
reliability for the
BVMT.

N/A

Theoretical

Offers an overview of
universalism, which
assumes that cognitive
processes are stable
across cultures, as a
limitation in
neuropsychology.

64

model of
hypertens
ion to
understan
d issues
of race,
culture,
and
education
in
neuropsy
chology.
Archives
of
Clinical
Neuropsy
chology,
22, 319325.
http://dx.
doi.org/1
0.1016/j.
acn.2007.
01.006
Osterriet
h, P. A.
(1944).
Le test de
copie
d’une
figure
complexe
[The
copy test
of the
complex
figure].
Archives
of
Psycholo
gy, 30,
206-356.
Retrieved
from
www.sch
olar.goog

n data.

Effects of
N/A
age on
performance
on the ReyO.

ReyOsterreith
Complex
Figure
Test.
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Experimental A test prepared by Rey
was used in an attempt
to study the
development of the
ability to copy and
recall a complex figure.
Suggests that age
greatly affects
performance on the
Rey-O with older
adults performing
worse. Discusses
effects of aging on
visual memory.

le.com
Rey, A.
(1941)
L’exame
n
psycholo
gique
dans les
cas
d’endeph
alopathie
traumatiq
ue [The
psycholo
gical
examinati
on in
cases of
traumatic
encephal
opathy].
Achieves
of
Psycholo
gy, 28,
286-340.
Retrieved
from
http://psy
cnet.apa.
org/psyci
nfo/194303814001
Wechsler
, D.
(1997b).
Wechsler
Memory
ScaleThird
Edition.
San
Antonio,
TX: The
Psycholo

Describes
aspects of
visual
memory in
those
suffering
from TBI.

N/A

ReyOsterieth
Complex
Figure
Test.

Theoretical

Found method of
differentiating between
types of TBI via
deficits exhibited by
the subject/patient.

N/A

N/A

WMS-III

N/A

WMS-III manual
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gical
Corporati
on.
The PMIT: Background and History
Author/
Year

Research
Questions/
Objectives
Franco,
Doctoral
G.
dissertation
(2009).
looking to
Utilizing use the
the
PMIT for
Picture
the
Memory
detection of
Interfere memory
nce Test
impairment
(PMIT)
in a
for the
monolingual
detection , male
of
Spanishsimulated speaking
memory
population.
impairme
nt in a
monoling
ual male
Spanishspeaking
Latino
sample
(Doctoral
dissertati
on).
Retrieved
from
ProQuest.
(1850698
031).
Snodgras The article
s, J. G.,
discusses
&
the
Vanderw standardizat
art, M.
ion process
(1980). A of a set of

Sample
Sixty male,
Spanishspeaking,
monolingu
al
participants
. Ages
ranged
from 18 to
49.

Variables/
Instrumen
ts
The picture
Memory
Interferenc
e Test was
used.

N=219
Black and
All
white
participants images.
were
volunteers.
All were
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Research
Major Findings
Approach/D
esign
Experimental Findings indicated that
there was a statistically
significant difference
found in scores
between those who
took the test under
normal circumstances
and those who were
malingering.
Sensitivity and
specificity rates were
also calculated and
provided for future use.

Experimental Images were
/Standardizat standardized amongst
ion
219 participants.
Participants were asked
to judge the images in
several ways including,

standard
set of 250
pictures:
Norms
for
naming,
agreemen
t,
familiarit
y and
visual
complexi
ty.
Journal
of
Experime
ntal
Psycholo
gy:
Human
Learning
and
Memory,
6, 174216.
http://dx.
doi.org/1
0.1037/0
2787393.6.2.
174

260 images
for use in
future
experiment.

native
Englishspeakers.

determining how
closely the image of the
object relates to the
internal image of the
object within the
participants mind, how
often the object is seen
within their immediate
environment and
naming agreement
(asking participant to
name the object in one
word).

The CMIT and what it Measures-No citations
Validity
Author/
Year

Research
Questions/
Objectives
Barker,
Methods in
C.,
clinical
Pistrange, psychology:
N., &
An
Elliot, R. introduction
(2002).
for students
Research and

Sample
N/A

Variables/
Instrumen
ts
N/A
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Research
Approach/D
esign
Theoretical

Major Findings
Overview of
quantitative research
methods for those
unfamiliar with
advanced
methodology.

methods
in
clinical
psycholo
gy: An
introducti
on for
students
and
practition
ers. West
Sussex,
England:
John
Wiley &
Sons,
Ltd.
http://dx.
doi.org/1
0.1002/0
4700134
35
Burgess,
P. W.,
Alderma
n, N.,
Evans, J.,
Emslie,
H., &
Wilson,
B.A.
(1998).
The
ecologica
l validity
of tests of
executive
functioni
ng.
Journal
of the
Internati
onal
Neuropsy
chologica
l Society,

practitioner.

Studied the
efficacy of
neuropsych
ological
instruments
testing
frontal
lobe
functioning.

N=92
Neurology
patients
were
compared
to
216
control
individuals.

FAS
Experimental Showed that the
(animals),
tested Instruments
Trail
of executive
Making
functioning do well
Test,
when predicting
Simplified
ecological behaviors.
Six
Scores on the
Element
instruments
Test,
were consistent with
Wisconsin
those behaviors
Card
reported by caregivers.
Sorting Test,
Cognitive
Estimates
Test and
the FAS.

69

4, 547558.
http://dx.
doi.org/1
0.1017/s1
3556177
9846603
7
DeVon,
H.,
Block,
M.,
MoyleWright,
P., Erns,
D.,
Hayden,
S.,
Lazzara,
D.,. . .
KostasPolston,
E.
(2007). A
psychom
etric
toolbox
for
testing
validity
and
reliability
. Journal
of
Nursing
Scholars
hip,
39(2),
155-164.
http://dx.
doi.org/1
0.1111/j.
15475069.200
7.00161.
x

Reviews the N/A
concepts of
reliability
and validity.

N/A

70

Theoretical

This article discusses
the various types of
validity and
reliability, how the
concepts have been
used in the field of
nursing and how
these concepts can
be used to improve
psychometrics. This
article was a
meta-analysis of
several articles
published on this
topic with in the past
five years. Findings
indicated that
content validity was
frequently indicated
however criterion
validity was rarely
reported.

Gioia, D.
(2009).
Understa
nding the
ecologica
l validity
of
neuropsy
chologica
l testing
using an
ethnogra
phic
approach.
Qualitati
ve Health
Research,
19(10),
14951503.
http://dx.
doi.org/1
0.1177/1
0497323
0934850
0
Lissitz,
R.W.
(Ed.).
(2009).
The
concept
of
validity:
Revisions
, new
direction
s, and
applicati
ons.
Charlotte,
NC:
Informati
on Age
Publishin
g.

Attempts to
establish
ecological
validity of
instruments
based on
laboratory
tests.

N=10
N/A
All
participants
were
suffering
from
schizoph
renia.

Experimental The authors developed
an observational method
to assess the behavioral
aspects of patients
suffering
from schizophrenia.
The data collected
from this prolonged
period of
observation can then
be compared to
laboratory
findings. Agreement
between laboratory
findings and
observational
assessment indicates
ecological validity of
the observational
assessment method.

A book
discussing
the many
aspects of
validity.

N/A

Theoretical

N/A

71

Describes the
importance of
establishing validity
of instruments
prior to applying
neuropsychological
instruments clinically
or scientifically. An
instrument which has
not had its validity
establishes is of no use.
The importance of
reliability is also
discussed.

http://dx.
doi.org/1
0.1007/s1
13360109180-6
Messick,
S. (1980).
Test
validity
and the
ethics of
assessme
nt. Ameri
can
Psycholo
gist,
35(11),
10-12.
http://dx.
doi.org/1
0.1037//0
003066x.35.
11.1012
Sireci, S.
(1998).
The
construct
of
content
validity.
Social
Indicator
s
Research,
45, 83117.
http://dx.
doi.org/1
0.1023/a:
1006985
528729

This article N/A
discuses (1)
the importan
ce of
test validity
and
(2) the
importance
of vetting
the value
of test
implications.

N/A

Theoretical

Provides an in-depth
descriptions of the
various aspects of
validity including,
content validity,
criterion validity,
construct validity,
task validity. The
interpretive meaning
of all these different
types of validity are
also discussed in
great detail.

Is validity an N/A
inherent
characteristic
of
instruments.

N/A

Theoretical

Validity must be
established and is not
an inherent aspect of
Instruments.
Also discussed in great
detail, the developed
instrument. This may
seem a bit obvious to
point out at this point,
however, given the
many differing kinds
of validity which have
been developed, it is
important to remember
this fact for all aspects
of validity.
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Reliability
Author/
Year

Research Sample
Questions/
Objectives
Barker,
Research
N/A
C.,
methods in
Pistrange, clinical
N., &
psychology:
Elliot, R. An
(2002).
introduction
Research for students
methods
and
in
practitioner.
clinical
psycholo
gy: An
introducti
on for
students
and
practition
ers. West
Sussex,
England:
John
Wiley &
Sons,
Ltd.
http://dx.
doi.org/1
0.1002/0
4700134
35
Cook, D., In this article the
N/A
author
&
enquires
Beckman about the
, T.
important
(2006).
aspects of
Current
validity.
concepts Namely, is
in
it wise to
validity
replace the
and
concepts
reliability of face,
for
construct,

Variables/
Instrumen
ts
N/A

N/A
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Research
Approach/D
esign
Theoretical

Theoretical

Major Findings
Overview of
quantitative research
methods for those
unfamiliar with
advanced methods.

Evidence to support
their argument is
gathered from five
sources including,
content, response
process, internal
structure, relations to
other variables and
consequences
(do scores
really make a
difference).

psychom
etric
instrume
nts:
Theory
and
applicatio
n. The
American
Journal
of
Medicine,
119,
166.e7166e16.
http://dx.
doi.org/1
0.1016/j.
amjmed.2
005.10.0
36
DeVellis,
R. F.
(2012).
Scale
developm
ent:
Theory
and
applicati
on (3rd
ed.). Los
Angeles,
CA:
Sage.
http://dx.
doi.org/1
0.1177/1
0982140
9301400
212

and
criterion
validity
with the
concept
of construct
validity.

Discusses the N/A
methods of
establishing
reliability
when
test-retest
methods
are not
possible.

Conclusions
indicate that
reliability
is a necessity for
establishing validity,
but not sufficient.

N/A

Theoretical
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Many methods of
establishing reliability
are discussed. These
Cronbach’s alpha, the
split-half method, and
the Spearman-Brown
method. It is
recommended that
whenever test-retest
methods are not
possible
to use alternative
methods such as the
split-half method.

Reliability and Validity of Current Measures
Author/
Year
Ardila,
A.,
Rosselli,
M., &
Puente,
A. E.
(1994).
Neuropsy
chologica
l
evaluatio
n of the
Spanish
speaker.
New
York,
NY:
Plenum
Press.
http://dx.
doi.org/1
0.1016/s0
8876177(96)
90023-2
BennettLevy, J.
(1984).
Determin
ants of
performa
nce on
the ReyOsterriet
h
Complex
Figure
Test: An
analysis,
and a
new

Research
Questions/
Objectives
Assessing
reliability
and validity
of WMS.

Sample

What are
the factors
involved in
producing
effective
scores for
the Rey-O.

N=107
All healthy
adults.

N/A

Variables/
Instrumen
ts
Multiple
measures
discussed.

Research
Approach/D
esign
Theoretical

Rey-O
shore and
long delay.

Experimental A regression equation
was developed fore
predicting
performance. Interrater reliability was
also assessed.

75

Major Findings
Neuropsychological
evaluation with
Spanish-speakers.
Evaluating the
reliability
and validity of WMS.
Findings indicated
Spanish version is
comparable to English
version.

technique
for
singlecase
assessme
nt.
British
Journal
of
Clinical
Psycholo
gy, 23,
109-110.
http://dx.
doi.org/1
0.1111/j.
20448260.198
4.tb0063
4.x
Deckersb
ack, T.,
Otto, M.
W.,
Savage,
C. R.,
Baer, L.,
& Jenike,
M. A.
(2000).
The
relationsh
ip
between
semantic
organizat
ion and
memory
in
obsessive
compulsi
ve
disorder.
Psychoth
erapy
and

A laterali
zation study
with OCD
patients.

N=17
All
untreated
OCD outpatients.

Rey-O

76

Experimental Non-dominant
hemispheric
functioning
is less effected in
OCD
patients.

Psychoso
matics,
69(2),
101-107.
http://dx.
doi.org/1
0.1159/0
0001237
3
Kaufman,
A. S.
(2001).
WAIS-III
IQs,
Horn’s
theory,
and
generatio
nal
changes
from
young
adulthoo
d to old
age.
Intelligen
ce, 29,
131-167.
http://dx.
doi.org/1
0.1016/s0
1602896(00)
00046-5
Knight, J.
A.,
Kaplan,
E., &
Ireland,
L.
(2003).
Survey
findings
of ReyOsterriet
h

What is the
relationship
between
age and IQ.

WAIS-III
normalizati
on data
N=2,450
and 17
individuals
for
longitudina
l study.

WAISR/WAISIII

Experimental Describes
/longitudinal “generational”
changes in light of
“Horn’s theory” as it
pertains to the WAISIII/WAIS-R.

Data
regarding
the
usages of
the Rey-O
instrument.

N/A

N/A

Survey
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It was found that the
Rey-O has become
Increasingly popular
since 2003. A
number
of different
administration
procedures have
been
developed.

Complex
Figure
usage. In
J. A.
Knight
(Ed.),
The
handbook
of ReyOsterriet
h
complex
figure
usage:
Clinical
and
research
applicati
ons (pp.
45-75).
Luts, FL:
Psycholo
gical
Assessme
nt
Resource
s.
Liberman
, N.,
Stewart,
W.,
Selnes,
O., &
Gordon,
B.
(1994).
Rater
agreemen
t for the
ReyOsterriet
h
Complex
Figure
Test.
Journal

What is the
efficacy
of the interrater
reliability
of the
Rey-O.

N=486
Male,
amateur
boxers.

All aspects
of
the Rey-O.

78

Experimental Reported extremely
high
inter-rater reliability
for
all aspects of the
Rey-O.

of
Clinical
Psycholo
gy, 50(4),
615-624.
http://dx.
doi.org/1
0.1002/1
0974679(199
407)50:4
<615::aid
jclp2270
500419>
3.0.co;2-r
Maj
, M.,
D’Elia, L.,
Satz., P.,
Jansses,
R., Zaudig
,
M.,
Uchiyama,
C., . . .
Chervinsk
y
(1993).
Evaluatio
n of two
new
neuropsy
chologica
l tests
designed
to
minimize
cultural
bias in
the
assessme
nt of
HIV-1
seropositi
ve

What is the
multicultural
utility of the
AVLT
within
research
and
clinical
settings?

N=60
Healthy
adults from
multiple
countries
used and
12 HIV-1
positive
participants
with 12
HIV-1
negative
control.

AVLT and
the
Colors
Trails A
and B.
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Experimental It was determined
that the multicultural
utility of both
instruments
assessed holds.

persons:
A WHO
study.
Archives
of
Clinical
Neuropsy
chology,
8, 123135.
http://dx.
doi.org/1
0.1093/ar
clin/8.2.1
23
Messinis,
L.,
Taskona,
I.,
Kollara,
P.,
Malefaki,
S., &
Papathan
asopoulo
s, P.
(2007).
Neuropsy
chologica
l deficits
of HIV
seropositi
ve
patients
in
different
stages of
the
disease
process.
Psycholo
gy:
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Table B1
Sample Frequencies by Education
Variable

Range

M

SD

1-20

10.57

3.384

Frequency

Percent

Cumulative %

1-3

3

2.4

2.4

4-6

16

12.6

15

7-9

33

25.9

40.9

10-12

45

35.4

76.3

13-15

18

14.1

90.4

Education
Variable
Education

16-20
12
9.6
100
Note: Sample was broken down by education. The percentages for missing data were
calculated separately as a portion of the overall sample of 131 individuals
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Table B2
Sample Frequencies by Age
Variable

Range

M

SD

Age (total)

21-62

44.35

8.79

Frequency

Percent

Cumulative %

Age (21-41)

44

34.8

34.8

Age (42-62)

83

65.2

100.0

Variable

Note: The sample broken down by age. Percentages for missing data were
calculated separately as a portion of the overall sample.
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Table B3
Sample Frequency by Gender
Variable

Frequency

Percent

Cumulative %

Male

99

78

78

Female

16

12

90

Gender

Missing
12
10
100
Note: The sample broken down by Gender. Percentages for missing data were
calculated separately as a portion of the overall sample.
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Table B4
Analysis	
  of	
  Distribution
Variable

Skewness

Kurtosis

N

1

-‐2.264*

9.741*

78

2

-‐.560

-‐.234

78

3

-‐.865

.778

78

4

-‐1.079

1.565

77

5

-‐6.054*

44.170*

77

Book/Score

Total
-‐.487
-‐.323
77
Note: Skewness and Kurtosis values for the 5 CMIT books as well as the CMIT Total Score.
Books 1 and 5 show anomalous distributions.
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Table B5
Correlations between PMIT scores and related constructs
PMIT 1a PMIT 2b PMIT 3b PMIT 4b PMIT5a PMIT Totalb
(n=78) (n=78)
(n=78)
(n=77) (n=77)
(n=77)
WAIS Block Design

.015

**
.334

**
.378

.318**

†
.219

.366**

WAIS Matrix Reasoning

.030

*
.225

*
.253

.251*

.153

.267*

WAIS Vocabulary

.025

**
.337

**
.381

.385**

**
.275

.438***

RAVLT trial 1

.018

-.047

-.024

.076

.085

.033

RAVLT trial 2

-.186

.166

.099

.145

†
.208

.191†

RAVLT trial 3

-.145

†
.212

.182

.212†

.166

.245*

RAVLT trial 4

-.089

†
.193

.153

.220†

.186

.239*

RAVLT trial 5

-.029

†
.210

†
.195

.190†

.128

.251*

RAVLT total score

-.110

†
.214

.175

.236*

†
.221

.270*

RAVLT list

-.046

.061

†
.216

.139

.149

RAVLT short delay

-.066

.169

.090

.218†

†
.196

.225*

RAVLT long delay

-.026

*
.254

*
.241

.208†

**
.356

.302**

RAVLT recognition

.004

†
.191

†
.204

.135

.045

.213†

WMS-VR I

-.010

**
.353

**
.299

.285*

.067

.349**

WMS-VR II

-.029

***
.537

***
.421

.322**

-.003

.459***

.084

Note. WAIS = Wechsler Adult Intelligence Scale; RAVLT = Rey Auditory Verbal Learning
Test; WMS-VR = Wechsler Memory Scale- Visual Reproduction.
a
Spearman’s correlation coefficients; bPearson’s correlation coefficients.
†
p < .10; *p < .05; **p < .01; ***p < .001.
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Table B6
Mean CMIT Scale Scores for Individuals without and with
HIV Associated Neurocognitive Disorders
HANDS Negative
(n = 77)

HANDS
Positive
(n = 45)

p

CMIT Book 1

46.65 ± 2.74

44.00 ± 5.92

.001

CMIT Book 2

40.52 ± 4.94

37.20 ± 6.42

.002

CMIT Book 3

41.57 ± 5.04

37.37 ± 5.73

<.001

CMIT Book 4

35.60 ± 8.59

29.27 ± 9.91

<.001

CMIT Book 5

48.87 ± 2.76

48.29 ± 3.10

.285

196.13 ± 24.22 <.001
CMIT Total 213.21 ± 17.63
Note. Data are given as mean ± SD
HANDS = HIV Associated Neurocognitive Disorders.
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Table B7
CMIT internal consistency
CMIT scale

α (if item deleted)

CMIT Book 1

.721

CMIT Book 2

.664

CMIT Book 3

.671

CMIT Book 4

.731

CMIT Book 5

.808

CMIT Book 5

.721

Note: Boldface indicates reliability greater
than α of .768 of original scale.
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